AD687202

FSTC-HT-23-1028-68

US. ARMY FOREIGN SCIENCE
AND TECHNOLOGY CENTER

ARMY
MATERIEL

COMMAND

INFRARED SPECTRA OF COMPOUNDS OF

UREA WITH ACIDS

COUNTRY: USSR

TECHNICAL TRANSLATION

This document has been approved

for public release and sale;

its distribution is unlimited.

It may be released to the

Clearinghouse, Department of

Commerce, for sale to the ;
general public. , oy

Roproduced by the ) Gt

CLEARINGHOUSE L "\}
for Federal Sciuntific & Technical . : PR
information Springfiald Va. 22151 - - J




o mmw

TECHNICAL TRANSLATION

FSTC-HT-23~ 1028-69

INFRARED SPECTRA OF COMPOUNDS CF
UREa WITH ACIDS

by

P

V. A. Veremzhanov, et al

SOURCE: VESTNIK AN KAZAKH SSR
(Herald of Kazakh SSR Acad. Sci.)
Voi. 24, No. 6, pp. 50-53
1968
USSR

Translated for FSTC by Techtran Corporation

This translation is an unedited rendition of the original
foreign text. Statements or theories advocated or implied
are those of the source and do not reflect the position or
opinion of the US Army Foreign Science and Tecaaology Cencer.
This translation is published with a minimum of copy editing
and graphics preparation in order to expedite the dissemin-
ation of information. Regucsts for additional copies of
this document should be addressed to the Defense Document-
ation Center, Cameron Station, Alexandria, Virginia, ATIN:
OSR-2.




UNCLASSIFIED
‘ Security Classificet
R "=+~ DOCUMENT CONTROL DATA - R & B r

(Security clessilication of civle, body of o qad indosin len swet bo enttred when the ovessl 19 ¢
J1. ORISINATING ACTIVITY

REPOAT §ECUAITY CLA
Foreign Science and Technology Center

US Army Materiel Command eno—GMASIEIED

38, @ROUP
Department of the Army
3. REPOART TITLE

ouibes)

Infrared Spectra of Compounds of Urea with Acids

4. DESCRIPTIVE NOTES (Type of ropert and inclucive di0s) *

* Translation
3. AUTHORS) (Plre! name, middle initla], lost news)

V.A. Vzaremzhanov, et al

6. NEPORY DATER 78. TOTAL NO. OF PaGSS 0. NO. OF ARPS
30 April 69 7 N/A

86 CONTRACT OR GRANT NO. 8. ORGINATOR'S ARPORT NUNBEAIS)

& PROJECT MO.

FSTC-HT-23~ 1028-69

& 99223628 2301 Wm—i
€  SMUFA-A2100-F10 ACSI Control Number (None) t

10. DISTRIBUTION STATEMENT

This document has been approved for public release and sale; its discribution
is unlimited.

11. SUPPLENENTAAY NOTES 13. SPONIOAN | MMLITARY ACTIVITY

'S Aray Foreign Science and Techomology
Center

13. ASSTRACTY

IR-spectra have been studied of crystals of urea nitrate,

urea phosphate, urea sulphate, diurea sulphate, diurea chloride
urea gxalgte, diursa oxalate. It has been established that in the

nitrate, phospkate, and sulfates of urea, hygrogen bonding follows
the scheme N...H, and in the chloride and oxalates of urea, follows
the scheme C=0. .H.-

T IITAR L tht P L2

L1473 TR

UNCLASSIFIED




]
[

(e

ety

T

Ty

PO T T

KTV WORODS

noLS Lad neLE LAd noL& LA

Spectroscopy
Infrared

Urea-acid compounds
Hydrogen bond

UNCLASSIFIZD

- i o Berusite (lanalifontion




INFRARED SPECTRA OF COMPOUNDS OF
UKEA WITH ACIDS

The purpose of the present work was to clarify the
question of the sites of bonds in_coordinatior compounds
formed by urea with certain acids?. IR-spectra of the
fo%lan%ng compoundg utre ?btained: CO(? )§ . HNO ’
co . POy s 2CO(NH . Hgso » CO * Ho 80 »
2co(n§§ i ‘f 2CO(NH, % ¢ 2Co Ofs CO(NH § . 32020"' .
All of t eae proparations we. 3 syn heaized by means o
their release from iines of orystallization in ternary
water urea-acid systems /1,2/. COrrespondingly soluble

conponnda. such as CO(NHZ) - HNO,, CO(NH,), * H4PO4,
2C0(NH « Hp30,. 200(NH2) 2 - Hzazou. were roo stallized
from wgtgr

Spectra were recorded on a UR-20 spectrophotometer.
It iz known that in complexes formed by urea with inorganic
compounds, coordination bonds may be formed bLoth by atoums
of oxygen, and by atoms of nitrogen /3,4/. In our ocase
the disproportionation of electron density in the urea
molecule ocours under the influence of a proton of oxygen,
capable of accepting an electron palr.

lhe present work was carried out in the leboratory of
physicel methods of research of the Institute of Chemical
Science of the Aocademy of Sociences of the Kezakn SSR under

the direotion of 0.V. Agashkin, to whom the authors express
their thanks.




If .ch a bond was achieved between an acceptor and
nitrogen as a result of an avallable palr of electrons on
the nitrogen, the frequency of CN bonds should decrease.
At the same time, as & result of the partial relief of -
electrons of the CO bond from union with ~electrons of
nitrogen, the frequency of valence vibration of this bond
should increase in comparison to the frequenoy in pure
crystaline urea; therefore, the CO bond should become more
stable,

If this bond in the coordination compounds exists
through an atom of oxygen, the results will be reversed.
The frequency of the valence vibration of CO must
decrease since the ~electrons of oxygen are divided between
oxygen and the acceptor. The CN bond becomes more stable.

In the table wave rumbers are presented for
absorption maxima (in C¥™+) in IR-spectra of absorption of
urea and 1ts compounds with aclds (See figure). The
spectra was studied in more detail in {he region of
frequencies 700-1800 and 2800-3500 cm™*, where all the basic
bands of absorption of CN, CO, and NH bonds of urea are
located.

Wave Numbers of Absorption Maxima (in cm-1),
Found in IR-spectra of Absorption
Of Ureaand its Compounds of Acids.

T : &
o i ¢ ,s C3 P - S,
CONHz}e 25 | 8¢ |Eg|Es| B, | £3 | &
) (o] ~—r
g% | §F |R%|8F| &% | 8% | ]%
3443 3443 3456 3448 343
YNH) 3340 3340 3340 3340 3340 340
3210 3210 3210 3210 3243 (| 3243
+(COR(NH2) 1685 1665 1665 1665 | 1665 | 1665 1645 1676
v(COR,(NH2) 1620 1710 163 ﬂ-}g it'gg 1630 1630 1640
vas(CN) 1452 1390 1387 1388 | 1388 | 1470 1525 1625
13%0 1320 1320
1300 | 1300 :
1240 1240 1240
3(NH2)yanry 1170 1170 . 1170 1170 | 1140 | 1155 1110 11N
v(CN) . 1076 1060 1082 1088 .
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In our compourds of urea with mineral acids one
should point out the absence of two types of bands,
corresponding to valence vibration of free and coordinated
NHzgroups of molecules of urea in contrast to that observed
in“spectra of complex compounds of Pt°*and Pd**Wwith urea
/3/. The width and position of the absorption band in this
region is almost indistinguishadble from the absorption band
of the valence vibration of NH of crystal and urea.
Therefore, we_dld not have to work with data in the region
2800-3500 cm=i,

The band at a frequency of 1665 em~! in the urea
spectrum, which is related to the deformation vibration of
NH,, appeared in all spectra of urea compounds with acld
almost without ochange. Onli in the case of CO(NH3), -

Hzczou it shifts ( 2=20 cm~1) to the side of lower %requency.

Scans are presented below for spectra of: the compounds:
CO(NH,), ¢ HNO,, the nitric acid of urea, urea nitrate.
Analy%i% of thg gspectra of nitric acid of urea and comparison
of it with a spectrum for pure urea indicates the existance
of bonds between nitrogens of one of the amino groupsi
Actually, the absorption band with frequency 1452 om™,
pertaining to the valence vibration of the bonds in pure
urea, shifted to the side of lower frequencies to 1390 em~1
in the spectrum of the compound, by merging with_the band
of NO,t=-anion. The shift in frequency of 62 cm™* indicates
a red&otion in double bonding; on the other hand, the
shortnsss of the CO bonds noticeably increase, which
demonstrates the shift in the band with 1620 cm™_of the
valence vibration of CO in the region of 1710 cm=3,

In CO(NHZ) - H,PO, , the phosphoric acid of urea,
urea phosphates %he nd "between the molecule of urea and
phosphoric acld also exist through one of the ritrogen
atoms of urea. The band at about 1387 cm=1 in the spectrum
of the compound pertains to the valence vibration cf the
CN-bond; the shift towards lower frequency reglon is on the
same order as in the spectrum of urea nitrate. However,
the band characterizing the valence vibration of the
carbonyl group, undergoes a slight change; ° =10 cm™1.

By x-ray structural research of urea phosphate /5/
it was also shown that in a perturbed molecule the CN
distance 18 somewhat increased, and the C) distance some-
what decreased.
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Spectra of Compounds of Urea with Acids.

NH2)200 e BBPOl&'

4-(NH),CO - H,80,, 5-2(NH,),CO - H,80,, 6-2(NH,),C0 -
"HCI, 7-(NH;),CO . H,C,0,, 8-2(NH,),C0 - HyC,0y.

# ~ Bands of mineral oil.
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CO(NE.), - SO, is the sulfuric acid of urea,
urea (mono)‘sﬁlfatg.
ZCO(NHZ)

« H.S0, is sulfuric acid diurea, diurea
25,
sulphate.

2

As a result of strong moisture absorbing properties,
the spectra of both sulphates were taken in mj neral oil.
But clesar graphs in the 3 , reglon were not obtained.
Therefore, they are not presented.

Absorption bandis, corresponding to the basic valence
vibrations of CO ani CN-bonds in the spectra of both
complexeg, are =% 1713 cm~1 and 1388 cm=l. The band at
1380 cm~! of mineral oil broadens as a result of the
absorption band caused by the walence vibration of the CN
bond of urea sulphates. The CO line becomes more intensive
and crosses the line of deformation vibration at
1665 om=1. An incfease in the valve of the frequency 1620 ca~1
and a deorease in the frequency 1452 om™', corresponding to
unperturbed urea, indicates the formation of rnitrogen bonds.
The shiftsin bands are rather great - 93 end 54 cm=i.

2CO(NE,), - HCl, hydrochloric acid diurea, diurea
chloride. Spe&tra were recorded in minerail oil. Diurea
chloride occupieg different positions depending on the type
of bond. This 1s explained by the characteristic of this
compound, where two molecules of urea are bdonded with one
molecule of a monobasic acid, although, as is known, urea
18 excessible 1s compounds of many acids as a monoacid base.
This anomaly in diurea chloride may have explained its
ocapacity for self association in construction of srystal
lattices, and also in solutions of weakly polar solvents.
However, IR-spectra do not permit the termination of
absolute displacement in the freguencies of various groups
of urea due to association. Diurea chloride has not been
isolated from aqueous solutions; it is obtained from a rmelt
of ures by bubbling hydrogen chloride. In our opinion,
self assoclation of molecules of urea enters into the
compound in the form of dimers. The behavior of frequencies
characterizing bonde in the spectruz of this compound ,zake
it possible to assume the formation of bonds to the oxygen
of the carbonyl group, since it is displaced towards the
higher frequency reglon with a maximum at atout 1470 cm=-l.
It 18 extremely difficult to determine the pusition of the
frequency of the CO=bond, since it is taken into

consideration in the wide band 1620-1660 ca~l together with




the tand of deformation vii-ation of the Nﬁzgroup.

CO(NHZ)2 . Hzczou. oxalic acid urea, urea (mono)
oxalate.

2CO(NH,), . H,C,0,, O0xalic acid diurea, diurea
oxalate. H2 2 2727h* '

In the set of frequencies characterizing urea oxalate,
only the absorption band of the CN bond is of special
interest, since its precise displacement permits one to
reveal the character in the compounds formed between urea
and oxalid acid. While in pure urea the valence anti~
symmetrical vibrationg of the CN-bond corresponds to a
frequency of 1452 cm~%, in the spectra of both compounds
this shifts to the region of 1525 om™+, which 18 the result
of strengthening of this bond. This 1s possible only in the
cage of formation of a bond of the type C=0...H*. The
oxygen of the carbonyl group is avallable as an electron
donor during formation of the hydrogen bond in compounds
with oxalioc acid.

In IR-spectra of oxalate compounds of urea, the
partioclpation of OH group oxygen has not been established.
Apparently, it has a low intensity and is overlapped by
other more decisive bands.

Conclusions

l. IR-spectra have been studied of crystals of .
urea nitrate, urea phosphate, urea sulphate, diurea sulphate,
diurea chloride, urea oxalate, and diurea oxalate.

2. It has been established that in the nitrate,
phosphats, and sulphates of urea the hydrogen bond appears
according to the soheme N...H, and in the chloride and
oxalates of urea -~ according to the scheme C=0...H.
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